The oxytocin-like peptide of most Australian marsupials is mesotocin, which stimulates uterine contractions and is important for normal birth in the tammar wallaby. Female marsupials have two uteri and, in monovular species such as the tammar, one uterus is gravid with a single fetus, whereas the contralateral uterus is nongravid. A significant increase in myometrial mesotocin receptor concentrations occurs only in the gravid uterus on Day 23 of the 26-day gestation. This study examined whether or not mesotocin receptors are present in the myometrium and are up-regulated at the equivalent stage of the luteal phase in unmated tammars. In contrast to the marked increase in mesotocin receptor mRNA and protein concentrations in the myometrium of the gravid uterus during pregnancy, receptors did not increase in the unmated animals. There were also no significant differences between the two uteri, except on Day 27. Plasma profiles of peripheral estradiol-17␤ and progesterone did not differ significantly between pregnant and nonpregnant cycles. However, progesterone concentrations were significantly lower on Day 1 postpartum compared with Day 27 of the nonpregnant cycle. In pregnant tammars, the molar ratio of circulating estradiol-17␤ to progesterone increased significantly between Day 25 of gestation and 1 day postpartum, but was not correlated with an increase in mesotocin receptor concentrations in either uterus. The data confirm that a local fetal influence is more important than systemic factors, such as estrogen, in the regulation of uterine mesotocin receptors in the tammar wallaby.
INTRODUCTION
The nonapeptide hormone oxytocin (OT) is a potent stimulator of uterine contractions and is associated with the marked increase in uterine activity at the end of pregnancy [1] . Administration of different OT receptor (OTR) antagonists delays the onset of delivery and prolongs labor in rats [2] and guinea pigs [3] . Treatment with OTR antagonists also attenuates the frequency of small uterine contractions, which are presumed to be caused by pulses of OT in sheep [4] and nonhuman primates [5] .
Oxytocin receptors are present in the plasma membranes of target cells in all tissues associated with an OT physiology. In general, the levels of OTR mRNA and protein within the myometrium increase in parallel at the end of pregnancy and reach peak values just before the onset of parturition [1] . This receptor up-regulation is correlated with the marked increase in myometrial sensitivity to OT. However, there are notable species differences, especially in the timing of receptor up-regulation and the mechanisms controlling OTR expression. In rodents, an abrupt increase in uterine OTR gene expression and receptor concentrations occurs a few hours before birth [6, 7] and is regulated by a decrease in progesterone and an increase in estrogen [6, 8] . However, in the cow and guinea pig, myometrial OTRs gradually increase from mid-pregnancy and reach high levels weeks before the onset of labor in the presence of relatively high levels of circulating progesterone and low levels of estrogen [9, 10] . In the sheep, the timing of OTR expression varies between different tissues despite a similar steroid environment [11] .
Unlike eutherians, most Australian marsupials secrete mesotocin (MT) which differs from OT by a single amino acid, an isoleucine for leucine at position 8 [12] . Female marsupials have two anatomically separate uteri, which open into the anterior vaginal expansion via separate cervices. Macropodid marsupials, such as the tammar wallaby, Macropus eugenii, are monovular species and so only one uterus, the gravid uterus, will contain the single conceptus in each pregnancy cycle, whereas the contralateral uterus is nongravid. At parturition, the fetus moves from the gravid uterus, through the cervix, and into the median vagina. It is believed that contractions initiated in the uterus result in the rapid expulsion of the fetus. MT is one of the key hormones regulating this contractile activity in marsupials [13] . From Day 20 of gestation to the day of birth (Day 26) in the tammar wallaby, the gravid uterus becomes increasingly sensitive to exogenous MT, which stimulates an increase in frequency and amplitude of in vitro myometrial contractions [14, 15] . This uterotonic effect of MT appears to be essential for normal parturition in the tammar wallaby as continuous intravenous infusion with the OTR antagonist atosiban delays the onset of birth [16] . As in eutherians, the change in uterine responsiveness to MT at the end of pregnancy in the tammar is related to a significant increase in MT receptors (MTRs) in the myometrium [14] . A marked up-regulation in MTR concentrations occurs on Day 23 of pregnancy, but in the myometrium of the gravid uterus only. In contrast, MTR concentrations in the nongravid uterus are down-regulated compared with earlier pregnancy stages [14] . It was suggested that the increase in myometrial MTRs in the gravid uterus is due to a stimulatory endocrine factor originating from the feto-placental unit. The mechanisms involved in the regulation of uterine MTRs in marsupials have not yet been established.
In most marsupials, the life span of the corpus luteum is not extended by the presence of a conceptus, and the luteal phase in unmated animals is similar in duration to the length of gestation [17] . Moreover, in the tammar wallaby, the estrous cycle is not interrupted by pregnancy. Regardless of whether or not the animal is pregnant, one uterus will be associated with an active corpus luteum, whereas the other uterus will be associated with a developing follicle. The important difference between the two reproductive cycles is the absence of a conceptus in the nonpregnant cycle. The aim of this study was to establish whether or not the up-regulation in myometrial MTRs is dependent on the presence of the feto-placental unit or occurs at the equivalent stage of the luteal phase in both reproductive cycles. We also measured circulating estradiol-17␤ and progesterone concentrations to examine the relationship between these steroids and changes in MTR concentrations. 
MATERIALS AND METHODS

Animals
Most of the pregnancy tissues were obtained from adult female tammar wallabies that were shot in the wild on Kangaroo Island, with approval from the South Australia National Parks and Wildlife Services (permit A23892). Stages of pregnancy were determined by measuring the crown rump and head lengths of the fetus, as well as assessing developmental characteristics. The remainder of the samples were obtained from adult female tammars (originally from Kangaroo Island) housed in a captive breeding colony (University of Melbourne) in open grassed enclosures with water, lucerne cubes, and fresh vegetables readily available. Pregnant and nonpregnant cycles were synchronized by first removing the pouch young of tammars that were assumed to be carrying a blastocyst in embryonic diapause. Removal of the pouch young terminates embryonic diapause, and the blastocyst and corpus luteum resume development. Animals were checked for births 26-27 days later. One group of animals was housed without males, so no postpartum matings occurred during the subsequent estrus period. In this way, it was possible to obtain tissues from unmated animals at equivalent stages of the luteal phase to compare with pregnant animals.
MTR Concentrations in Pregnancy Versus the Nonpregnant Cycle
Uterine tissues and blood samples (5 ml) were obtained from pregnant tammars on Days 17, 19, 21, 22, 23, 24 , and 25; and 1 day postpartum (n ϭ 3 or 4 at each stage); and on Days 19, 21, 23, 25 , and 27 of the nonpregnant cycle (n ϭ 3 or 4 at each stage). The animals from the breeding colony were killed by intracardiac injection of 5-10 ml of sodium pentobarbitone (60 mg/ml in 0.9% sterile saline; Abbot, Kurnell, NSW, Australia) after first inducing anesthesia via the lateral tail vein. The reproductive tracts were removed as quickly as possible after the animal was killed, and the uterus ipsilateral to the corpus luteum was identified. The two uteri were then dissected from the extrauterine tissue, cut longitudinally, and gently pulled apart to open the uterine cavity. The yolk sac placenta, or endometrium and cervix (or all) were separated from each myometrium. Tissues were snap-frozen and stored at Ϫ80ЊC until further processing. Blood samples were centrifuged at 1700 ϫ g for 10 min at 4ЊC, and plasma was stored at Ϫ20ЊC until assayed. In pregnant animals, the uterus ipsilateral to the corpus luteum and containing the fetus is the gravid uterus, whereas the contralateral uterus is nongravid. In a nonpregnant cycle, the uterus ipsilateral to the corpus luteum is designated the CL-uterus and the contralateral uterus is the follicle-uterus. In this experiment, MTR mRNA and protein concentrations were measured in the myometrium of the two uteri in each animal, and compared between the pregnant and nonpregnant cycles.
Radioreceptor Assay
Radioreceptor assays were carried out as described in Parry et al. [19] Assay protein concentrations were in the range of 60-120 g/ml, which was within the range at which specific binding is linearly correlated with protein concentration. Data were analyzed by nonlinear regression using the Ligand computer program [18] 
MR Gene Expression
Real-time polymerase chain reaction (PCR) was used to quantify MTR gene expression in the myometrium. For each sample, 600 ng total RNA was reverse transcribed in a 30-l reaction containing 1ϫ TaqMan buffer, 5.5 mM MgCl 2 , 500 m dNTPs, 2.5 M oligo(dT), 0.4 l RNase inhibitor, and 1.25 U/l MultiScribe reverse transcriptase (Applied Biosystems, Inc., Foster City, CA). A second reaction mixture using 30 ng total RNA from each sample and a series of myometrium RNA dilutions (100-0.001 ng) was prepared for the endogenous reference 18S ribosomal RNA PCR reactions and to generate the 18S standard curves, respectively. First-strand cDNA synthesis for all samples was carried out simultaneously at 25ЊC for 10 min, 42ЊC for 45 min, and 95ЊC for 10 min, with a final cooling temperature at 4ЊC before storage at Ϫ20ЊC.
For real-time PCR, tammar-specific MTR primers and probe were designed using Primer Express (Applied Biosystems) to span the second intron of the MTR gene [19] . A 75-base pair (bp) fragment was amplified using a 22-mer forward primer (5Ј-CATCACCTTCCACTTTTACGGG) and a 19-mer reverse primer (5Ј-TGCCCACCACCTGCAGATA). The probe, labeled at the 5Ј end with FAM (6-carboxy fluorescein) CGACTTTCTCTG-CCGCCTCGTCAA (Keystone Division, Biosource International, Foster City, CA) was included with the primers in each reaction tube. The primers and FAM-labeled probe (Keystone Division, Biosource International) for the 18S PCR reaction were as follows: forward primer, 5Ј-CGGCTACCACA-TCCAAGGAA; reverse primer, 5Ј-GCTGGAATTACCGCGGCT; and the probe, FAM 5Ј-TGCTGGCACCAGACTTGCCCTC. PCRs were carried out in triplicate using 96-well optical reaction plates (Applied Biosystems) in 25-l volumes consisting of 1ϫ TaqMan Universal PCR Master Mix (including the passive dye reference), 0.8 M forward and reverse MTR primers, 0.4 M MTR probe, and 2.5 l cDNA template. Primer, probe, and cDNA concentrations were optimized in preliminary experiments. Real-time PCR was carried out in an ABI PRISM 7700 Sequence Detector (Applied Biosystems) using the following conditions: 50ЊC for 10 min and 95ЊC for 10 min, followed by 40 cycles at 95ЊC for 15 sec and 58ЊC for 1 min. Negative template samples were included in each plate as controls. The relative C T standard curve method was used in this study, where C T is the cycle number at which DNA amplification is first detected. In the relative standard curve method, MTR and 18S gene (endogenous reference) expressions are assessed in separate PCRs, and the C T values for both genes are related to those of the endogenous reference standard curve. Expression of the MTR gene is calculated by dividing the normalized target (MTR log C T ) values by the normalized endogenous target (18S log C T ) values in each sample. The intraassay coefficient of variation was less than 1% using the same 18S standards in four separate assays, and the interassay coefficient of variation was 2.4%. 
Steroid Assays
Plasma progesterone concentrations were measured by radioimmunoassay that had been previously validated for tammars [16] with minor modifications using an antiserum raised in sheep against progesterone-11-hemi-succinate-BSA. Progesterone was extracted from 750 l of plasma with 8 ml of ethyl acetate and reconstituted in 250 l of assay buffer. Duplicate 100-l aliquots were all measured in the same assay. The recovery of 3 H-progesterone (1,2,6,7-H 3 -progesterone, Amersham Pharmacia Biotech, Castle Hill, Sydney, Australia) from tammar plasma was 84%. Solvent and buffer blanks were consistently below the sensitivity of the assay, which was 20 pg/ml. The intraassay coefficient of variation was 5.3%.
Estradiol-17␤ was measured by the radioimmunoassay method of Shaw and Renfree [20] with minor modifications, using sheep antiestradiol-17␤ (SIROsera, BioQuest, Sydney, Australia) at a final dilution of 1: 50 000. The cross-reactivity for the antiserum was 100% for estradiol-17␤; 8.4% for estradiol-17␣-benzoate; and Ͻ1% for estradiol-17␣, estrone, testosterone, androstenedione, progesterone, cortisol, and 17␣-hydroxyprogesterone. Estradiol was first extracted by the addition of 5 ml of diethyl ether to 1 ml of plasma and vigorous shaking for 10 min. The phases were allowed to separate, the aqueous phase was snap-frozen, and the organic phase was decanted into 13 ϫ 100 mm borosilicate glass tubes and dried under a stream of filtered air. The dried extracts were reconstituted in 450 l of assay buffer and equilibrated for 1 h at 50ЊC with regular vortexing. The recovery of 3 H-estradiol-17␤ (2,4,6,7-H 3 -estradiol; Amersham Pharmacia Biotech) from tammar plasma using this method was 79%. Duplicate 200-l aliquots of the extracts were all measured in the same assay. The sensitivity of the assay was 17 pg/ml. A single plasma pool containing a high concentration of estradiol (133 Ϯ 10 pg/ml, n ϭ 3) was used as the quality control sample. The intraassay coefficient of variation was 13%.
Statistical Analysis
Data for MTR mRNA and protein concentrations did not show homogeneity of variance and were log-transformed (SPSS 10.0). ANOVA was performed (SPSS 10.0) to test for significant differences in MTR concentrations and plasma steroid hormone concentrations at each stage of the pregnant and nonpregnant cycles. Paired t-tests were used to compare MTR concentrations between matched samples from the two uteri (gravid versus nongravid; CL-uterus versus follicle-uterus). Correlations between receptor and steroid concentrations were calculated using the method of least squares regression.
RESULTS
Characterization of the MTR in the Myometrium of Nonpregnant Animals
The linearity of Scatchard plots of 125 I-OTA binding to matched samples of the CL-uterus and follicle-uterus demonstrated a single class of binding site in the myometrium of nonpregnant tammars. The binding affinities (K a ) were similar in the CL-uterus and the follicle-uterus, and there was no significant (ANOVA, P ϭ 0.84) variation in either uterus at the various stages of the nonpregnant cycle examined. There was also no significant difference in K a values in the two uteri between the two cycles. The specificity of 125 I-OTA binding in the myometrium of unmated animals was demonstrated in a competitive displacement experiment using different OT and vasopressin receptor agonists and antagonists. Data are shown for Day 27 of the nonpregnant cycle (Fig. 1) , but the relative binding affinity was the same in both uteri at other stages tested. MT bound with a relatively high affinity to the 125 I-OTA binding site as did OT in both the CL-uterus and follicle-uterus. In contrast AVP, LVP, and PP all had much lower binding affinities as higher molar concentrations were needed to displace the 125 I-OTA from the binding site. The vasopressin antagonist, MC, also had a relatively low binding affinity for the 125 I-OTA binding site compared to MT and OT, but bound with a higher affinity than AVP, LVP, and PP. In general, the ligand affinities were in the following order of decreasing affinity: OTA Ͼ MT ϭ OT Ͼ MC Ͼ AVP ϭ LVP Ͼ PP. The binding affinities of the various ligands are shown in Table 1 . The IC 50 values were lower overall in the myometrium of unmated tammars compared with tissues obtained from pregnant animals. However, the data show that the 125 I-OTA binding site discriminated between OT-like and VP-like agonists and antagonists and indicated that in the myometrium of unmated tammars, the predominant receptor is an OT-like receptor.
Concentrations of MTRs in matched samples of myometrium from the CL-uterus and follicle-uterus in individual animals ranged from 4 to 135 fmol/mg protein and did not change significantly at any stage of the nonpregnant cycle examined, with one exception (Fig. 2) . A significant (ANOVA, P Ͻ 0.05) increase in MTRs was observed on Day 21 in the uterus ipsilateral to the corpus luteum. However, there was no large increase in MTRs in either uterus on Day 23 of the nonpregnant cycle. There was also no significant difference in MTR concentrations between the two uteri except on Day 27 (Fig. 2) , when MTRs were higher in the follicle-uterus compared with the CL-uterus (paired t-test, P ϭ 0.021).
For ethical reasons, it was not possible to collect sufficient samples from pregnant wallabies housed in captivity. Therefore, tissues for this group of animals were supplemented with samples obtained from pregnant wallabies that had been shot in the wild. A pilot study demonstrated no significant differences in either MTR mRNA or protein concentrations between wild versus colony animals at the same stage of gestation. Therefore, data from wild and colony-housed pregnant tammars were pooled at each of the stages of gestation and used in the comparison with colonyhoused, nonpregnant tammars.
Mesotocin receptor concentrations were significantly (ANOVA, P Ͻ 0.05) higher in the gravid uterus compared to the CL-uterus of the nonpregnant cycle at every stage examined (Fig. 3a) . This was also seen comparing the nongravid uterus to the follicle-uterus but only on Days 19, 21, and 23 of the cycle (Fig. 3b) . Data from the real-time PCR experiments clearly demonstrate a differential up-regulation in MTR gene expression in the myometrium of the gravid uterus (Fig. 4) , which parallels the increase in MTR protein concentrations. There was a significant (P Ͻ 0.05) increase in MTR mRNA levels in the gravid uterus on Days 22-25 of gestation compared with the earlier stages (Days 17 and 20) and also in the nongravid uterus on Days 22 and 23. However, MTR mRNA levels in the gravid uterus were significantly (P Ͻ 0.05) greater compared with both the nongravid uterus (Fig. 4) and the CL-uterus of unmated tammars (Fig. 5) . Likewise, MTR mRNA levels were significantly (P Ͻ 0.05) higher in the nongravid uterus compared with the follicle-uterus on Days 19 and 21 of the nonpregnant cycle (Fig. 5) . However, both MTR mRNA and protein concentrations decreased in the nongravid uterus on Day 25 of gestation, and there was no significant difference between MTRs on Day 25 and 1 day postpartum, and the equivalent stages in unmated tammars (Figs. 3b and 5 ).
Steroid Hormone Concentrations
Concentrations of circulating progesterone ranged between 350 and 750 pg/ml in both pregnant and unmated tammars at equivalent stages of the luteal phase on Days 19, 21, 23, and 25. The highest concentrations measured on Day 25 of both reproductive cycles were not significantly different from other stages of the cycle, except Day 1 postpartum (Fig. 6a) . The only difference between the two cycles was observed on Day 1 postpartum and Day 27 of the nonpregnant cycle (Fig. 6a) . Plasma progesterone concentrations in the postpartum tammars (270 Ϯ 29.95 pg/ml) were significantly (P Ͻ 0.01) lower compared with the unmated animals (482 Ϯ 41.05 pg/ml). Concentrations of estradiol-17␤ ranged between 20 and 50 pg/ml on Days 19, 21, 23, and 25 of the two cycles and fluctuated considerably between animals, especially in the pregnancy cycle. The only increase in plasma estradiol-17␤ was detected on Day 27 of the nonpregnant cycle (Fig. 6b) , but it was not significant compared with other stages of the cycle. An increase in the molar ratio was (Fig. 7) , but was only significant (P Ͻ 0.05) compared with other stages in postpartum animals. There was no significant correlation between myometrial MTR concentrations and plasma estrogen concentrations in either the gravid or nongravid uterus at any stage of gestation ( Table 2 ). The postpartum increase in the estradiol-17␤:progesterone molar ratio was not correlated with an increase in MTRs in either uterus. The only positive correlation (r ϭ 0.478, P ϭ 0.029) was observed between MTRs in the gravid uterus and progesterone concentrations; the increase in MTR concentrations in the gravid uterus was associated with elevated circulating progesterone concentrations (Table 2) .
DISCUSSION
This study confirmed the presence of an OT-like binding site in the myometrium of unmated tammars. The affinity (K a ) of this receptor for 125 I-OTA is similar to that of the MTR in the myometrium of the pregnant tammar [14] . Unlike the brushtail possum and eutherians, the pregnant and nonpregnant tammar uterine MTR shows a higher affinity for MT and OT compared with AVP, LVP, and phenypressin, the latter two being the vasopressor peptides of the tammar wallaby [13] . The concentrations of the peptides or antagonists that inhibited 125 I-OTA binding by 50% (IC 50 ) were lower in nonpregnant tissues, but the receptor had the same order of ligand binding affinities compared with the MTR in pregnant tissues [14] . This was important to demonstrate because 125 I-OTA binds with high affinity to the tammar testis vasopressin receptor, although the order of ligand binding affinities was markedly different, with AVP and LVP showing a higher affinity for the binding site compared with MT and OT [19] . Furthermore, previous work in the quokka (Setonix brachyurus) showed that arginine vasopressin is more effective in stimulating contractile responses in the estrogen-dominated uterus of nonpregnant animals than OT [21] . However, the relatively high affinities of OT and MT compared with the lower affinities of the vasopressor peptides for the 125 I-OTA binding site in the nonpregnant tammar myometrium confirmed that this binding site represents an OT-like receptor similar to those present in the uterus of the pregnant tammar.
Mesotocin receptor mRNA and protein concentrations remain low in the nonpregnant cycle compared with pregnancy, despite the similar length of the luteal phase. This is highlighted by the difference in MTR gene and protein concentrations between the nongravid uterus in pregnancy and the follicle-uterus in unmated animals. There was an increase in myometrial MTRs on Day 21 of the nonpregnant cycle, but MTR concentrations were still significantly less than those observed in pregnant tammars. The only difference between the two uteri was observed at the end of the cycle in the follicle-uterus, but again, receptor concentrations were relatively low. In early pregnancy in the cow, myometrial OTR levels are not different from nonpregnant levels [22] , but a sharp up-regulation then occurs only in the myometrium of pregnant cows. Other studies have reported a suppression of myometrial OTRs in early pregnancy but an increase in the estrous cycle [23, 24] . Although a direct comparison between earlier stages of pregnancy and the nonpregnant cycle was not carried out in the tammar, it is possible that there is a suppression of MTRs in unmated animals. The alternative hypothesis is that a pregnancy-specific factor operates very early on in pregnancy to stimulate an increase in receptors above basal levels in both the gravid and nongravid uterus. In the absence of this stimulatory factor, MTRs remain basal as seen in the five stages of the nonpregnant cycle examined.
Circulating progesterone and estradiol-17␤ concentrations were similar to those reported in earlier studies [16, 20, 25] as were the similar hormone profiles between the two reproductive cycles. The only difference between the two cycles was the fall in progesterone which occurred earlier in pregnant than unmated tammars, in association with luteolysis. Estradiol-17␤ concentrations were low on all days measured except on Day 27 of the nonpregnant cycle. No significant postpartum increase in estradiol-17␤ was detected in this study. Females come into estrus and mate approximately 10 h postpartum, with peak estradiol-17␤ measured at the time of mating [25] . In our study, animals were sampled 6 h postpartum before they showed signs of estrus. This may explain the relatively low estradiol-17␤ levels. An increase in the molar ratio of estradiol-17␤:progesterone occurred in both reproductive cycles and is attributed to the fall in progesterone rather than to an increase in estradiol-17␤. However, more frequent blood sampling is needed in order to demonstrate whether or not an increase in this molar ratio occurs earlier in the peripartum period.
The marked increase in MTR mRNA and protein concentrations that occurs in the myometrium of the gravid uterus on Day 23 of pregnancy is most likely caused by a pregnancy-specific factor because no increase in MTRs occurs at the equivalent stages of the nonpregnant cycle. That there is a difference in both MTR mRNA and protein concentrations between the gravid and nongravid uterus in pregnant tammars suggests that this is a local pregnancy-specific effect derived from the feto-placental unit, rather than the peripheral circulation. In some eutherian species, maximum sensitivity to OT in the myometrium occurs in the estrogendominated uterus. It has clearly been demonstrated that OTRs are highly up-regulated at the time of increased estrogen and low progesterone in the systemic circulation of rodents [1, 6, 7] . The decline in progesterone triggers the stimulatory effects of estrogen on uterine OTRs [8] . However, this is not the case in ruminants or guinea pigs [9] [10] [11] . The data in this study suggest that the up-regulation of myometrial MTRs in the gravid uterus of pregnant tammars is also independent of increased estrogen.
The Graafian follicle is the major source of estrogen during both late gestation and the nonpregnant cycle in the tammar wallaby, and concentrations in the utero-ovarian vein ipsilateral to the follicle-uterus are higher than in the contralateral vein or peripheral plasma [25] . An extensive capillary network of ovarian veins and uterine venous system provides a means of local transfer of ovarian hormones into the uterine arterial supply [26] . Hence, estrogen of follicular origin preferentially reaches the ipsilateral nongravid uterus. The gravid uterus is, therefore, exposed to low concentrations of estrogen throughout pregnancy in contrast to the nongravid uterus, which is exposed to higher estrogen concentrations at term and during postpartum estrus. Data in this study showed that the increase in MTRs in the gravid uterus is not associated with an increase in circulating estradiol-17␤. Furthermore, the molar ratio of circulating estradiol-17␤:progesterone did not increase until 1 day postpartum, 4 days after the up-regulation in myometrial MTRs. It is interesting that there was a similar increase in the estradiol-17␤:progesterone ratio in nonpregnant tammars on Day 27 of the nonpregnant cycle, which was associated with a small increase in MTRs in the follicle-uterus. However, the correlation was not significant. This study also demonstrated that as in the cow and sheep, increased MTR concentrations are correlated with high concentrations of circulating progesterone. But as progesterone levels are elevated throughout most of gestation and the nonpregnant cycle in the tammar, it is unlikely that this steroid is the main regulator of MTRs in the myometrium of the gravid uterus.
There also appears to be no correlation between myometrial MTR and estrogen receptor concentrations. Renfree and Blanden [27] reported that progesterone and estrogen receptors in the myometrium double in concentration and are similar in both uteri between Days 0 and 5 of pregnancy in the tammar. But after Day 12, there is a down-regulation in both progesterone and estrogen receptors so that at the time of the unilateral increase in MTRs in the gravid uterus, progesterone and estrogen receptor concentrations are extremely low. Therefore, any regulatory effects of steroids are not mediated at the receptor level. This strengthens our hypothesis that estrogen is not mediating either the differ-ential up-regulation or down-regulation in myometrial MTRs in the pregnant tammar wallaby.
One of the potential mediators of MTRs in the gravid uterus is believed to be mechanical stretch. Two independent studies in unilaterally pregnant rats demonstrated increased OTR concentrations in the distended, gravid horn compared with the nongravid horn [28, 29] . However, ovarian steroids exert the main regulatory influence and distension only has a supplementary effect on OTRs. Mechanical stretch also appears largely responsible for increased OTR mRNA in the sheep myometrium [30] . During early pregnancy in the tammar, both uteri are of similar size and weight, but from Day 20 of gestation, there is a large increase in intrauterine volume in the gravid uterus to accommodate the growing fetus. The gravid uterus becomes turgid as the volume of yolk sac fluid in the uterine cavity increases. It is likely that this causes stretching of the myometrial smooth muscle. Recent data suggest that distension of the gravid uterus may be sufficient to trigger the upregulation in MTRs observed on Day 23 of pregnancy in the tammar wallaby [13] .
This study demonstrated that a large increase in myometrial MTR gene and protein expression occurs only in the pregnant tammar wallaby and not during the nonpregnant cycle. In contrast to the marked increase in MTRs in the myometrium of the gravid uterus on Day 23 of gestation, receptor concentrations remain low at all stages of the nonpregnant cycle examined, with no difference between the two uteri until the end of the cycle. In pregnant tammars, there is no correlation between circulating estradiol-17␤ and the increase in MTRs. An increase in the molar ratio of estradiol-17␤ to progesterone occurs postpartum, 4 days after the up-regulation of MTRs in the myometrium. The data confirm that a local fetal influence is more important than systemic factors, particularly estrogen, in the regulation of uterine MTRs in the pregnant tammar wallaby.
